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The authors would like to thank Rafaa Shkwa, Gábor Sramkó, Anna Trias Blasi, and Brian Duncan for assisting K.K. with collecting plant material. The authors would also like to thank the Royal Horticultural Society and the Alpine Garden Society for funding this project. 4 • Premise of the study: Microsatellite markers were developed using hoop-petticoat daffodils ( Narcissus sect. Bulbocodii ; Amaryllidaceae) to aid in the taxonomic revision of the section, and to further evaluate their broad applicability for daffodil cultivar identifi cation.
• Methods and Results: Three hundred fi fty-one primer pairs were developed using a commercial service. Nineteen polymorphic and repeatable markers were developed by screening 67 of these primer pairs. Of these, 11 chosen markers were used to screen 317 samples; the number of alleles per locus ranged from four to 21, and the observed heterozygosity ranged from 0.101 to 0.297. There were null genotypes in some samples for six of the markers. All the microsatellites were transferable to other Narcissus sections.
• Conclusions: The results indicate that these new markers have suffi cient potential variation to be used for taxonomic revision of the genus and to distinguish many commercial daffodil cultivars. Table 2 ). b Marker not selected; size range values based on seven individuals (see Methods and Results section). with an equimolar DNA mix of 19 samples (marked with a/b in Appendix 1 and 2) by ligating the PCR products with the M13 promoter and labeling the products with 6-FAM according to Cryer et al. (2005) . Fragment analysis of amplicons was carried out by Source BioScience (Nottingham, United Kingdom). The electropherograms were analyzed using GeneMapper version 4.0 (Applied Biosystems by Life Technologies, Carlsbad, California, USA). Thirty-three of the tested primer pairs amplifi ed multiple clean peaks. Of these, the best 24, based on the overall quality of the electropherograms, were used to genotype seven samples (two samples each of populations KET and TIG, one each of populations CAT and POR, and one of Narcissus 'Golden Bells'). Forward primers were labeled with fl uorescent dyes 6-FAM, HEX (Sigma-Aldrich, St. Louis, Missouri, USA), NED, PET, or VIC (Thermo Fisher Scientifi c, Waltham, Massachusetts, USA). Readable electropherograms were obtained for 19 primer pairs ( Table 1 ) . Of these, resources allowed the 11 best markers (most length-variable and http://www.bioone.org/loi/apps reproducible) to be used to genotype 317 samples of hoop-petticoat daffodils across the natural distribution range to assess the degree of polymorphism in nature ( Table 2 ) . PCR amplifi cations were performed as single reactions according to the previously detailed cycling conditions. The PCR products were combined for multiplex fragment analysis. Unambiguously identifying microsatellite alleles in polyploids can be challenging, as identifying stutter peaks in samples of unknown ploidy is diffi cult and can lead to inclusion of noise in a data set. To avoid this, alleles were scored according to the MANUAL 8 scoring routine described by Pfeiffer et al. (2011) . Moreover, as the allele dosage of polyploids is unknown, traditional population genetic techniques (e.g., deviation from Hardy-Weinberg equilibrium) cannot readily be applied. Therefore, we used a presence-absence scoring of peaks to estimate polymorphism, similar to a dominant marker (e.g., amplifi ed fragment length polymorphism [AFLP] ) data set.
The number of alleles per locus ranged from four to 21, the observed heterozygosity ( H o ) ranged from 0.101 to 0.297, and allelic diversity (calculated as:
, where p i is the frequency with which the i th allele was detected) ranged from 0.279 to 0.842. In addition to the allelic variation, there were null genotypes for six of the markers, with frequency ranging from 0.002 to 0.121, confi rmed by repeating PCR amplifi cations. The presence of null genotypes was expected due to incomplete transferability of these markers in section Bulbocodii . However, in a presence-absence data set these are valuable characters that allow samples with a null-allele data set for some individual markers to be included. Two populations each of the most widely sampled species ( N. bulbocodium L. [CAT, ALD] , N. cantabricus DC. [SDF, HOR] , and N. romieuxii BraunBlanq. & Maire [KET, OUL]) were used to calculate genotypic diversity estimators ( Table 3 ) . The total number of different alleles per population across all loci ( A ) ranged from 26 to 42, the number of private alleles per population across all loci ( A p ) was between zero and three, proportion of observed heterozygotes averaged per locus ( H o ) was from 0.19 to 0.35, proportion of null genotypes carried by each individual averaged across all loci ( F g0 ) ranged from 0 to 0.21, and the genotypic richness was 0.94 or 1 (calculated as: R = G − 1/ N − 1; where G is the number of multilocus genotypes and N is the number of genotyped samples; Dorken and Eckert, 2001 ) .
Broader transferability of these markers was tested using 18 species belonging to seven of the nine ( Blanchard, 1990 ) other Narcissus sections. The success of the transfer was assessed using fragment analysis. The 11 markers were all transferable to other Narcissus sections to some degree, ranging from 39% to 100% ( Table 4 ) .
CONCLUSIONS
The microsatellite markers developed in this study are suffi ciently variable to allow species -level and population-level variation of hoop-petticoat daffodils to be investigated. The markers show potential to be used to develop molecular identifi cation tools for daffodil cultivars, and to contribute toward the Note : A = total number of different alleles across all loci; A p = number of private alleles across all loci; F g0 = proportion of null genotypes carried by each individual averaged across all loci; G = number of multilocus genotypes; H o = proportion of observed heterozygotes per loci; N = number of individuals; R = genotypic richness. 
